Abstract-This paper shows a new compact size stack microstrip antenna which is designed and simulated to improve and meet the radiation characteristics requirements in normal water. Thus, a rectangular patch with three periodic slots as Photonic Band Gap (PBG) have been cut from the patch. Furthermore, two elliptical rings at the back is resonating at 2.4 GHz for IEEE802.11 b/g/n standards and WLAN communications, with miniaturized dimensions of 45 × 40 mm. Return loss, VSWR, radiation efficiency and gain have been exploited in order to define antennas' performance in both air and normal water.
I. INTRODUCTION
The interests on inter-medium communication systems are increasing due to continuous usage of trans-medium human activities [1] . Communication crossing air-water boundaries in particular, is attracting interest, as underwater communication itself continues to grow steadily [2] . There are only two kind of waves that can be used to establish underwater communication systems, electromagnetic waves and sonar waves. Their natures are different, for instance: the first is produced by some physical vibrations and the second by electromagnetic field. Based on their natures, sonar wave's performance is high when they are used in an underwater environment itself but cannot be applicable for this type of communication including interface of air and water. Moreover, it is feasible to apply electromagnetic waves for underwater communication, also for the trans-boundary airwater and the underwater itself [3] .
To track the environmental phenomenon moisture, temperature, vibrations and even the other phenomena a combinations of devices is required. To fulfill this task, Underwater Wireless Sensor Networks (WSN) can be comprised [4] . In addition, WSN can be applied to some important applications like momentous zones protection, oil and gas fields tracking, geographic imaging data , and remote sensing [5] . Due to their smaller size and being uncostly devices, wireless network sensors have been used widely and researchers are able to install them in even unusual environmental conditions [6] . Fig1 depicts a working environment of a underwater WSN [7] . As can be seen in this picture, all the underwater nodes like submarines collect the data received from the submarines in their cluster and then they send it to surface water station. Finally all of the data from each surface water station sent to the base station to be analyzed. Fig. 1 . Underwater wireless sensor networks [25] Electromagnetic signals are attenuated greatly by water. Because of these losses, most of the wireless networks have been primary depending on the sound waves [8] ; applying these sonic transmitter/receiver systems many node devices are needed which can be costly. Thus, technology relied on the electromagnetic waves with their significant high speed propagations lead us to high speed transferring data. Therefore, because of the high cost of designing and the maintaining of acoustic and optical systems, WLAN with the IEEE 802.11 standard is knows as a reliable solution for some certain applications. Due to the ease of access for the WLAN throughout the world, their cost is rather low and there are handy knowledge and experiences. The related frequency band which is unlicensed and free is ISM (Industrial, Scientific and Medical) and it can contribute a low cost for the WLAN. Moreover, ISM frequency band has been using rapidly especially in low-power and short distance communications.
Nowadays, most of the researchers' concentrations are more on enhancing the distances between the nodes, whilst having a high BW network with high data rate transitions [9] . Furthermore, underwater propagation methods such as optical, electromagnetic, acoustic or ultrasonic signals have some advantages and disadvantages which have been illustrated in [3] . Although, optical signals can propagate very fast but sea water consists of particles that scatter the signals. Thus, the optical method cannot be a reliable for a long distance. Acoustic signals are not too much susceptible to the sea particles in comparison with the optical signals. Due to their ability up to 20 km distances, they have been used widely.
Electromagnetic signals for very short distances can promise higher data rates, up to 10Mbps. EM waves are highly depending on materials' characteristics (permittivity) of the environment around the sensor networks [10] . On the other hand, underwater communication is not limited only to communication within an underwater environment itself but it might also consist of communication paths that cross the airwater boundary. For such trans-air-to-water underwater communication, electromagnetic waves are the best choice, since these waves are not adversely affected by the air-water boundary, which could be either air-seawater or air-fresh water interfaces. Therefore the underwater electromagnetic communication system could be classified according to its system design architecture, merely, the buoyant electromagnetic communication system and the direct linkage electromagnetic communication system.
In Microwave (MW) frequency bands, the microstrip patch antennas can be used for many applications such as, mobile phones, defense industry, and satellite communications and so on. These antennas are widely exploiting due to their specific characteristics like light weight, low cost, small size, fabrication facility and conduction losses shortages in the resonator [11] . Furthermore, some of their specifications such as bandwidth, input impedance, and radiation patterns can be easily varied by adjusting the antenna's dimensions and shape [12] . Another underwater WSN at 2.4GHz has been done in [13] . Some tests have been done at a certain frequency range with consideration of some required parameters for underwater communications. Furthermore, A Bow-Tie microstrip antenna has been designed to decrease the attenuation and amend the bandwidth in sea water [9] . Bow-tie antennas are assumed as a common antenna for underwater WSN applications [14] . The configuration of this paper can be seen as follows: Section 2 illustrates the antenna design procedures in air and normal water. Then, the proposed antenna simulation and measurement results for S-parameter, and far-field characteristics has been presented in Section 3 and then compared with the previous works. At last, Section 4 indicates the paper conclusion.
II. ANTENNA CONFIGURATION
The front, ground of the first layer and front view of the second layer is represented in Fig 2, 3 and 4 respectively. The proposed antenna is simulated and optimized using the Computer Simulation Technology (CST) with the optimum dimensions presented in TABLE I. The proposed antenna comprises a rectangular patch fed by a transmission line which offset inside the rectangular patch and the ground plane with the length of almost /8 and a small rectangular slot near to the feed line position. In addition three periodic rectangular slots are etched from the patch. These three slots are considered as Photonic Band Gap structure with a constant period of and the filling factor of( ℎ ) ⁄ . Furthermore, the proposed antenna consists of a second layer along with two elliptical rings on it, an air gap between the first and the second layer, and also two cover layers. Fig 5 shows the fabricated prototype of the antenna.
At first, the antenna designed on an RT/ Duroid 5880 substrate with permittivity of 2.2 and thickness of 0.787mm in order to lower permittivity to increase the BW and radiation efficiency. The design processes are presented as follows: Firstly, a rectangular patch is designed to resonate at 2.4 GHz according to transmission line theory which is = 41.5 mm [15] . As the initial calculations to get the actual antenna dimensions, the transmission line technique [16] for the rectangular patch was used.
Calculations of the width patch which is given by:
(1) Calculation of the effective dielectric constant, which is presented by:
Ground plane dimensions and which are given by [21 tri]:
To calculate the Microstrip feed line dimensions the following equations can be helpful. In the following equations w and h are the transmission line width and the substrate thickness respectively.
For ≤ 2, 
Where A and B are constants which can be calculated by [17] :
= √
For ≤ 1,
For ≥ 1,
. .
Where = + Thereafter, three periodic rectangular photonic band gap structure are etched from the rectangular patch. These rectangular slots have the same width ( ) which is the period of our PBG structure. Moreover, the length of these slots decreasing periodically and following a pattern by filling factor of the PBG structure. A PBG structure is required to decrease the surface waves as serious problem in microstrip antenna. Surface waves are excited on microstrip antennas whenever the substrate permittivity >1 [18] . Apart from the end-fire radiation, surface waves have some undesirable features such as edge diffraction, spurious coupling between different antenna elements. Besides, surface waves reduce antenna efficiency, gain, limit the BW, increase the end fire radiation, and increase the cross polarization level. In the next step, a small rectangular slot is cut from the ground layer located next to the feed line. This slot is used due to suppress the back radiation from the antenna [19] . As it's mentioned in result section, the radiation efficiency has been enhanced by 20 %. Fig 6 illustrates the current distribution on patch before and after applying the PBG structure. It's shown that the current density on the edge of the patch has been reduced and distributed to the center of it by PBG. Then the second layer is added to the first one with an air layer in between by 1.71 mm. This air layer is required in order to increase the efficiency and the gain of the antenna. Increasing in air layer thickness is augmenting the resonant frequency. Two cross elliptical rings are subtended on the second layer as second resonator to improve the antenna performances. This layer's substrate is Rogers 3210 with permittivity of 10.2 an the thickness of 1.28 mm. eventually, two layers of RT/Droid 5880 with the thickness of 3.15mm have been used to cover the second layer stack antenna.
Finally, two arrays of the proposed antenna has been used in normal water with a permittivity of 78 and the same size of the antenna firstly (after checking the results the water dimensions increased by 10mm) and then the distance has been increased. Consequently, the antenna performances have been checked in a distance range of 15 to 45 mm. According to the wavelength formulas in air and in certain material (normal water), the wavelengths limitation in air and the normal water should be /4 which are almost 31 mm and 3.5 mm. Fig 7 shows the whole structure of the system. 
III. RESULTS AND DISCUSSION
The performance of the proposed antenna, in terms of return losses, radiation patterns, efficiency and gain have been studied using computer simulation. In comparison with the previous works which applied the same operating frequency and recently reported in [20] , [21] , [22] , [23] , [24] the proposed antenna dimensions are smaller by about 10%, 25%, 55%, 13.5 % and 25%, respectively. The both simulated and measured reflection coefficient result of the proposed antenna are shown in Fig 8 . This outcome indicates the ability of the proposed antenna in operating at 2.4 GHz. The simulated and measured reflection coefficient result of antenna are in good agreement; however it has been shifted to lower band by les than10 MHz. The VSWR radiation efficiency and gain at this resonance can be seen in TABLE II. As seen in TABLE II, there is a good matching between the antenna and the feed line since VSWR< 2. Furthermore, the return loss ( ) and the forward transmission gain ( ) of the proposed antenna in normal water is illustrated in fig 9. As can be depicted in Fig 9, the return loss level is decreasing by increasing the distance. The same scenario is happening to the forwarded gain. It admits the fact that increment in the distance under water reduces the transmitted power and most the signal will be reflected. The same story happens in sea water in decreasing the level of reflection coefficient by increasing the distance (Fig 11) .
The simulated radiation patterns of electric field (black solid line) and the Magnetic field (gray dashed line) for both in air and water, gain as well as radiation efficiency at the desired resonant frequency are shown in Fig. 10, 12 and TABLE II respectively. The proposed antenna has more gain and efficiency compared to the previous works presented in literature (TABLE III) at the same resonant frequency (2.4 GHz) with a more compact size. The radiation pattern of the antenna is maintained to be unidirectional and broadside which is similar to the microstrip dipole antenna radiation pattern. The peak gain for minimum distance (quarter wave) is 1.87 dB which is reasonably high. [20] 4.13 50*47 [21] 2.7 60*60 [22] 4.44 100*100 [23] 3.7 52*62 [24] 5.5 60*60
IV. CONCLUSION
A compact size high gain PBG structure stack antenna resonating at 2.4 GHz for ISM band and WLAN is presented in this paper. Simulation and measurement results have been investigated and then behavior of the antenna on the reflection coefficient, antenna pattern and gain have studied and they are in good agreement. Results show that by loading the rectangular patch through the periodic rectangular slots (PBG), covering the antenna and the air layer the back radiation and surface waves can be suppressed. Furthermore, the proposed antenna has miniaturized size by almost 20 %, higher gain and efficiency at desired harmonic in air and normal water compared to the similar previous experiments.
